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Abstract: Having valid and reliable resting energy expenditure (REE) estimations is crucial to
establish reachable goals for dietary and exercise interventions. However, most of the REE predictive
equations were developed some time ago and, as the body composition of the current population
has changed, it is highly relevant to assess the validity of REE predictive equations in contemporary
young adults. In addition, little is known about the role of sex and weight status on the validity of
these predictive equations. Therefore, this study aimed to investigate the role of sex and weight status
in congruent validity of REE predictive equations in young adults. A total of 132 young healthy adults
(67.4% women, 18–26 years old) participated in the study. We measured REE by indirect calorimetry
strictly following the standard procedures, and we compared it to 45 predictive equations. The most
accurate equations were the following: (i) the Schofield and the “Food and Agriculture Organization
of the United Nations/World Health Organization/United Nations” (FAO/WHO/UNU) equations
in normal weight men; (ii) the Mifflin and FAO/WHO/UNU equations in normal weight women;
(iii) the Livingston and Korth equations in overweight men; (iv) the Johnstone and Frankenfield
equations in overweight women; (v) the Owen and Bernstein equations in obese men; and (vi) the
Owen equation in obese women. In conclusion, the results of this study show that the best equation
to estimate REE depends on sex and weight status in young healthy adults.
Keywords: metabolic rate; basal metabolism; indirect calorimetry; energy balance; obesity
1. Introduction
The main component of daily energy expenditure (60%–70%) is resting energy expenditure
(REE) [1]. Having valid and reliable REE estimations is crucial to establish reachable goals for dietary
and exercise interventions. For the majority of clinics and nutrition centers, it is difficult to get REE
measures through indirect calorimetry, because of time constraints and the high cost of the devices.
Thus, REE predictive equations are commonly used as an alternative method [2]. REE predictive
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equations have been used in healthy and unhealthy people, young and old adults of different ethnicities,
and in people with a wide range of body weight and body composition characteristics [2–21].
Indirect calorimetry (IC) is considered the reference REE measurement technique [22]. In order to
minimise possible estimation errors, the method requires strict measurement conditions and a correct
procedure to analyse the IC data [23,24]. REE predictive equations are used in clinical practice, but
some of them are specific for certain population groups, including different weight status or different
ethnic groups [4,6,16,17,25]. Two predictive equations for young adults were recently validated [4,11],
yet little is known about the role of sex and weight status on the validity of these predictive equations.
Moreover, most of the REE predictive equations were developed some time ago and, as the body
composition of the current population has changed [26], it is highly relevant to assess the validity of
REE predictive equations in contemporary young adults.
In the present study, we systemically reviewed the available REE predictive equations including
information on age, height, weight, sex, fat mass, and fat free mass. Then, we compared the measured
versus estimated REE. Therefore, the purpose of this study was to investigate the role of sex and
weight status in congruent validity of REE predictive equations in young adults.
2. Materials and Methods
2.1. Participants
A total of 132 participants (67.4% female) aged 18–26 years old participated in the study.
The participants were enrolled in the ACTIBATE study (ClinicalTrials.gov ID:NCT02365129) [27].
The participants reported being engaged in less than 20 minutes on 3 days/week of physical activity,
having had a stable weight over the last three months (body weight changes <3 kg), being free of
medications or diseases that might interfere with REE measurement, and not being enrolled in a
weight-loss program. Each participant provided both oral and written informed consent prior to the
initiation of study procedures. The study was in accordance with the Helsinki Declaration and was
approved by the Human Research Ethics Committee of both the University of Granada (n◦ 924) and
Servicio Andaluz de Salud (Centro de Granada, CEI-Granada).
2.2. Body Composition
Body weight (±10 g) and height (±0.1 cm) were measured using a digital integrating scale (SECA
760, Hamburg, Germany) and a stadiometer (SECA 220, Hamburg, Germany). Body mass index
(BMI) was calculated as weight (kg)/height (m2). The participants were categorized as normal weight
(BMI = 18.5–24.9 kg/m2), overweight (BMI = 25–29.9 kg/m2), and obese (BMI > 30 kg/m2) [28].
We determined fat mass and lean mass by dual energy X-ray absorptiometry (Discovery Wi, Hologic,
Inc., Bedford, MA, USA).
2.3. Assessment of REE through Indirect Calorimetry
REE was measured through IC strictly following current methodological recommendations [23,24].
The participants were instructed not to engage in any physical activity 48 h before the measurement
and to arrive by car or bus at 08.15 in a fasting condition of at least 12 h.
The participants were evaluated in a peaceful and relaxing environment where temperature
(22.8 ± 0.9 ◦C) and humidity (43.6 ± 6.6%) were controlled. The participants lay on a bed in a supine
position and were covered by a sheet. Then, they were instructed to breathe normally, and not to fidget,
talk, or sleep. After 30 min of rest, respiratory exchange measurements were determined using a CCM
Express system (Med graphics Cardiorespiratory Diagnostic, Saint-Paul, MN, USA) in 59 participants
(37 women) and using a CPX Ultima CardiO2 system (Medical Graphics Corp, St Paul, MN, USA) in 73
participants (52 women). Both measurements required the use of a neoprene facemask, equipped with
a directconnect™ metabolic flow sensor (Medgraphics Corp, Saint Paul, MN, USA). The measurements
took 30 min, and we selected the most stable five-consecutive-minute periods (after discarding the
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first five minutes) for analysis (Breeze Software, MGC Diagnostic®, Breeze Suite 8.1.0.54 SP7) [29,30].
REE was calculated by the Weir abbreviated equation (assuming negligible protein oxidation) and
expressed as Kcal/day [31], as follows: REE = [3.9 (VO2) + 1.1 (VCO2)] * 1.44.
2.4. REE Predictive Equations
We conducted a systematic search for publications reporting REE predictive equations in PubMed
and Web of Science. We combined the following keywords in every possible combination: ‘energy
metabolism’, ‘basal metabolism’, and ‘indirect calorimetry’, and additional terms (‘predict*’, ‘estimat*’,
‘equation*’, and ‘formula*’).
We only retrieved equations based on the following criteria: (i) performed in adults; (ii) based on
weight, height, age, sex, and/or fat free mass and fat mass. The exclusion criteria included (i) equation
derived from patients’ or athletes’ data, and (ii) small sample size (n < 50). A total of 45 predictive
equations (see Supplementary material Table S1) were included.
2.5. Statistical Analysis
We conducted analysis of covariance (ANCOVA) to compare measured (by IC) and predicted
(by predictive equations) REE, adjusting for metabolic cart (i.e., CCM and MGC). We analysed the
BIAS (mean error between measured minus predicted REE), the absolute differences (measured minus
predicted in absolute terms), and the 95% limits of agreement. In order to classify participants’ under-
or overprediction with every REE equation, we considered an accurate estimation when the equation
predicted between 90% and 110% of the measured REE [32,33], considering underprediction and
overprediction when the estimation was below 90% and above 110% of the measured REE, respectively.
We also calculated the percentage of accurate prediction between 95% and 105% of the measured REE.
We classified the participants into underprediction or overprediction when the estimation was below
95% and above 105% of the measured REE, respectively.
We also used the repeated measures analysis of variance (ANOVA) to determine differences
among the study predictive equation that presented minor absolute differences and measured REE.
The heteroscedasticity was examined using the Bland–Altman method [34], which plots the difference
between predicted and measured REE versus the mean of predicted and measured REE. The analyses
were conducted using the Statistical Package for Social Sciences (SPSS, v. 21.0, IBM SPSS Statistics, IBM
Corporation, Armonk, NY, USA), and the level of significance was set at p < 0.05.
3. Results
The characteristics of the study sample are shown in Table 1. As expected, men had higher levels
of lean mass and REE than women, whereas women had higher levels of fat mass (all p < 0.001).
Table 1. Descriptive parameters for the participants in the study.
Men (n = 43) Women (n = 79)
Normal weight (n = 20) Overweight (n = 12) Obese (n = 11) Normal weight (n = 59) Overweight (n = 21) Obese (n = 9)
Age (years) 21.5 (2.0) 23.5 (2.1) 23.0 (2.5) 22.1 (2.1) 22.6 (2.4) 21.6 (2.0)
Weight (kg) 69.0 (7.6) 84.4 (7.6) 109.0 (10.5) 58.9 (7.1) 74.6 (6.5) 84.5 (9.7)
Height (m) 1.75 (0.06) 1.76 (0.06) 1.78 (0.06) 1.64 (0.07) 1.64 (0.06) 1.64 (0.09)
BMI (kg/m2) 22.4 (1.8) 27.1 (1.4) 34.5 (2.2) 21.8 (1.8) 27.6 (1.2) 31.3 (1.2)
Fat free mass (kg) 50.9 (5.4) 57.2 (4.1) 66.3 (6.5) 37.8 (4.1) 41.7 (4.0) 41.5 (6.0)
Fat mass (kg) 18.1 (4.8) 27.2 (6.8) 42.7 (6.4) 22.1 (4.5) 32.9 (3.6) 39.0 (5.0)
Fat mass (%) 24.9 (5.3) 30.6 (5.9) 37.8 (3.4) 35.2 (4.7) 43.0 (3.0) 45.1 (2.8)
REE (Kcal/day) 1587 (390) 1675 (363) 1870 (251) 1295 (222) 1481 (179) 1470 (203)
Data are expressed as mean (standard deviation). Abbreviations: BMI, body mass index; REE, resting
energy expenditure.
Figure 1 shows the percentage of accurate prediction of REE predictive equations and the
differences of the mean absolute values between predicted and measured REE in men by BMI categories.
In normal weight men, the equations of Schofield [9] and the “Food and Agriculture Organization of
the United Nations/World Health Organization/United Nations” (FAO/WHO/UNU) [5] provided
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45% prediction accuracy (Figure 1A and Supplementary material Table S2a), 10% underpredictions, and
45% overpredictions (mean BIAS: −142 and −147 Kcal/day, respectively). There were no differences
between the most accurate predictive equation (i.e., Schofield [9]) and the rest (Figure 1B, p = 0.303).
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Figure 1. Percentage of accurate prediction of resting energy predictive equations and differences
of mean absolute values between predicted and measured resting energy expenditure in men by
weight status categories. (A) Percentage of accurate prediction at 5% and 10% of measured resting
energy expenditure in normal weight men. (B) Mean (SD) absolute differences between predicted and
measured resting energy expenditure in normal weight men. (C) Percentage of accurate prediction at
5% and 10% of resting energy expenditure measured in overweight men. (D) Mean (SD) differences
between predicted and measured resting energy expenditure in absolute values in overweight young
men. (E) Percentage of accurate prediction at 5% and 10% of resting energy expenditure measured in
obese men. (F) Mean (SD) differences between predicted and measured resting energy expenditure
in absolute values in obese men. (a) and (b) refer to predictive equations that are proposed by the
same author, but require different anthropometry or body composition parameters. p-value of repeated
measures analysis of variance (with Bonferroni post-hoc analysis) among the predictive equations. * p <
0.05; ** p < 0.01 when compared with the predictive equation that presented minor absolute differences
with measured resting energy expenditure. ¥ p < 0.05; ¥¥ p < 0.01; ¥¥¥ p < 0.001 when compared with the
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predictive equation that presented the best resting energy expenditure accurate prediction (10%)
with measured resting energy expenditure. # p < 0.05; ## p < 0.01; ### p < 0.001 when compared
with the predictive equation that presented the best resting energy expenditure accurate prediction
(10%) with measured resting energy expenditure. AP: accurate predictions. Abbreviations: FAO,
“Food and Agriculture Organization of the United Nations/World Health Organization/United
Nations” equation.
In overweight men, five equations [4,10,15,20,35] presented 41.7% of accurate predictions
(Figure 1C and Supplementary Materials Table S2b). All of these equations overestimated REE
(33%–50% of all participants). However, when we applied a severe accurate estimation (±5% of
measured REE), the Livingston and Korth equations [13,20] provided the highest (33% and 25%,
respectively) accurate predictions (mean BIAS was −183 and −69 Kcal/day, respectively). There
were no differences across predictive equations (Figure 1D, p = 0.366). Also, there were no differences
between the most accurate predictive equations (i.e., Livingston [13] and Korth [20]) and the rest
(Figure 1D, p = 0.366).
In obese men, the Bernstein and Owen equations [14,16] provided 72.7% and 54.5% prediction
accuracy (±10%), respectively. When applying a severe accurate estimation (±5% of measured
REE), these equations presented 36.4% and 45.5% prediction accuracy, respectively (Figure 1E and
Supplementary Materials Table S2c). The mean BIAS was 18 and 133 Kcal/day for the Bernstein
and Owen predictive equations, respectively. We also observed significant differences (p = 0.007)
when comparing the estimation of REE by the Bernstein and Owen equations [14,16] with the Muller
predictive equation (which is the one that presented less accuracy) [8] (Figure 1F).
Figure 2 shows the percentage of accurate prediction of REE predictive equations, and the
differences of the mean absolute values between predicted and measured REE in women by weight
status categories. In normal weight women, several REE equations provided >60% prediction
accuracy [5,9,13,18,19] (Figure 2A and Supplementary Material Table S2d), yet when we applied
a severe accurate estimation (±5% of measured REE), the Mifflin equation [19] showed the highest
accuracy (40.7% prediction accuracy, mean BIAS: −50 Kcal/day). There were significant differences in
the estimation of REE by the Mifflin equation [19] compared with the Korth [20], Weijs & Vansant [25],
de la Cruz [11], Bernstein [16], and Owen [21] predictive equations (Figure 2B).
In overweight women, the Korth [20] and Johnstone [15] equations provided 61.9% and 57.1%
prediction accuracy, respectively (Figure 2C and Supplementary material Table S2e). However, when
taking into consideration a severe accurate estimation (±5%), the Korth equation presented 23.8% and
the Johnstone equation 42.9% prediction accuracy (mean BIAS: −162 and −281 Kcal/day, respectively).
There were significant differences between the Johnstone [15] and Frankenfield equations [36], and the
Bernstein [16] and Owen equations [21] (both p = 0.002) (Figure 2D).
In obese women, the Owen equation [21] provided 66.7% prediction accuracy (mean BIAS: 68
Kcal/day) (Figure 2E and Supplementary material Table S2f). There were no differences between all
REE predictive equations (p = 0.277).
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status categories. (A) Perc ntage of accurat prediction at 5% and 10% of resting energy expenditure
measured in normal weight women. (B) Mean (SD) differences between pr dict d and m asured
resting energy expe diture in absolute values in normal weight women. (C) Percentage of accurate
prediction of several resting energy predictive equations at 5% and 10% of resting energy expenditure
measured in overweight women. (D) Mean (SD) differences between predicted and measured resting
energy expenditure in absolute values in overweight women. (E) Percentage of accurate prediction at
5% and 10% of resting energy expenditure measured in obese young women. (F) Mean (SD) differences
between predicted and measured resting energy expenditure in absolute values in obese women.
(a) and (b) refer to predictive equations that are proposed by the same author, but require different
anthropometry or body composition parameters. p-value of repeated measures analysis of variance
(with Bonferroni post-hoc analysis) among the predictive equations. * p < 0.05; ** p < 0.01; *** p < 0.001
when compared with the predictive equation that presented minor absolute differences with measured
resting energy expenditure. ¥ p < 0.05; ¥¥ p < 0.01; ¥¥¥ p < 0.001 when compared with the predictive
equation that presented the best resting energy expenditure accurate prediction (10%) with measured
resting energy expenditure. # p < 0.05; ## p < 0.01; ### p < 0.001 when compared with the predictive
equation that presented the best resting energy expenditure accurate prediction (10%) with measured
resting energy expenditure. AP: accurate predictions.
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Figure 3 shows Bland–Altman plots for the six selected equations in men and women and by
weight status. The limits of agreement were large in all six cases: (i) −836 to 551 Kcal/day in normal
weight men (using the Schofield equation [9], see Figure 3A and Supplementary material Table S2a),
(ii) −465 to 364 Kcal/day in normal weight women (using the Mifflin equation [19], see Figure 3B and
Supplementary material Table S2d), (iii) −998 to 631 Kcal/day in overweight men (using Livingston
equation [13], see Figure 3C and Supplementary material Table S2b), (iv) −281 to 361 Kcal/day in
overweight women (using the Johnstone equation [15], see Figure 3D and Supplementary material
Table S2e), (v) −514 to 273 Kcal/day in obese men (using the Owen equation [14], see Figure 3E and
Supplementary material Table S2c), and (vi) −333 to 470 Kcal/day in obese women (using the Owen
equation [21], see Figure 3F and Supplementary material Table S2f). There was no interaction effect
between any of the REE predicted equations, metabolic cart, and measured REE (all p > 0.2).
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Figure 3. Bland–Altman plots for selected resting energy expenditure (REE) predictive equations.
The solid lines represent the mean difference (BIAS) between predicted and measured REE. The upper
and lower dashed lines represent the 95% limits of agreement. (A) normal weight young men;
(B) normal weight young women; (C) overweight young men; (D) overweight young women; (E) obese
young men; and (F) obese young women.
4. Discussion
The results of this study indicate t at t e ost accurate equation to estimate REE differs by
sex and weight status in young adults. The most accurate equations are (i) the Schofield [9] and
FAO/WHO/UNU [5] equations in normal weight men; (ii) the Livingston [13] and Korth equations [20]
in overweight men; (iii) the Owen [21] and Bernstein equations [16] in obese men; (iv) the Mifflin [19]
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and FAO/WHO/UNU [5] equations in normal weight women; (v) the Johnstone [15] and Frankenfield
equations [32] in overweight women; and (vi) the Owen equation [21] in obese women. For practical
purposes, we provide a flowchart decision tree to select an energy predictive equation by sex and
weight status (see Figure 4).
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Figure 4. Decision tree to select a resting energy expenditure predictive equation by sex and weight
status. (a) and (b) refer to predictive equations that are proposed by the same author but require
diff rent anthropometry or body composition param ters. Abbreviations: M: men; F: women; W:
weight; H: height; A: age; S (men = 0; women = 1); FFM: fat free mass; FM: fat mass.
4.1. Normal Weight Men
Our results show that the Schofield [9] and FAO/WHO/UNU equations [5] were the most accurate
REE equations in young healthy adults, which is in line with previous studies [37–39]. The Schofield
equation was derived from a sample of 7173 men and women, which included 4814 participants above
the age of 18 and with a BMI between 21 and 24 kg/m2 (47% Italians). The FAO/WHO/UNU [5]
equation was based on the Schofield equation [9] database and extended to 11,000 participants.
Willis et al. [4] recently proposed a predictive equation for young adults, and, although no
differences were found between the Schofield and Willis equations, the first showed higher accuracy
(45% vs. 40%, mean absolute differences: 280 ± 239 vs. 280 ± 222 Kcal/day, respectively). Of
note is that participants’ characteristics in the study of Willis et al. [4] were substantially different
compared with the participants enrolled in our study: (i) American versus Spanish population; (ii)
BMI 28.7 ± 4.7 versus 22.4 ± 1.8 kg/m2, respectively; and (iii) REE 1866 ± 251 versus 1587 ± 390
Kcal/day, respectively.
4.2. Overweight Men
The results of our study showed that several equations (the Frankenfield, Johnstone, Korth,
Livingston, Roza, and Willis equations) overpredicted REE (>50% of the study participants in all
ases, mean ab olute differences: 317 ± 256, 298 ± 226, 271 ± 205, 342 ± 273, 382 ± 330, and 325
± 265 Kcal/day, respectively), and previous studies indicat d similar trends when these equations
were applied in other cohorts with similar characteristics [4,40]. In good agreement with other
studies [2,25,32,33], we observed that the inclusion of body composition (fat free mass or fat mass) did
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not improve the accuracy of REE prediction in these participants, because Frankenfield, Johnstone,
Livingston, Roza, and Willis did not include body composition variables. This is especially relevant
because age-, weight-, and height-derived equations are more feasible in clinical practice.
4.3. Obese Men
A recent review conducted by an expert panel [32] concluded that the Mifflin equation [19]
should be used for overweight and obese participants. Although this conclusion was based on limited
data, another review confirmed that both the Mifflin and Owen equations [14,19] were accurate
in overweight and obese participants [2]. We observed 45.5% prediction accuracy (mean absolute
differences: 210 ± 174 Kcal/day) when we applied the Mifflin equation in our sample of obese men.
Moreover, a study conducted in overweight and obese Dutch adults (BMI: 25–40 kg/m2) obtained
higher accuracy when the Lazzer equation [7] was applied (almost 80% prediction accuracy), whereas
we had 27.3% prediction accuracy when using this equation. This fact could be explained by the gases
collection system and the gas analyser device used to determine REE [41]. In addition, we found 72.7%
and 54.5% prediction accuracy (±10% and ±5% of measured REE, respectively) with the Bernstein
equation [16]. Of note is that the participants’ characteristics in Bernstein’s study had a similar BMI
compared with our study participants. Previous studies have shown that the estimation of REE is less
accurate in obese than in non-obese subjects [25,32,33].
4.4. Normal Weight Women
Our results provide more evidence in the use of the Mifflin equation in normal weight women
(61% prediction accuracy, mean absolute differences: 142 ± 157 Kcal/day). Our findings concur with
other studies in non-obese individuals (aged 18–78, 82% prediction accuracy) [31], in normal weight
European American women (63.7% prediction accuracy) [42], in overweight and obese individuals
(aged 19–69 years old, 78% accurate prediction) [32], in extremely obese women (84% prediction
accuracy) [43], and in overweight U.S. adults (almost 80% prediction accuracy) [2].
4.5. Overweight Women
In overweight women, the Korth equation (which includes fat free mass) showed the highest
accuracy (61.9% prediction accuracy, mean absolute differences: 158 ± 119 Kcal/day). However,
others [2,25,32,33] showed that the inclusion of fat free does not improve the accuracy of REE prediction.
In our study, the Willis equation [4], which includes weight, age, and sex data of young adults (18–30
years old), showed 52% prediction accuracy (mean absolute differences: 137 ± 103 Kcal/day), which is
considered acceptable [32]. However, the prediction accuracy observed in the study by Willis et al. [4]
was 70%, which might be partially explained by the inclusion of normal weight and obese individuals
as a part of the total sample included in their study.
4.6. Obese Women
Mifflin [19] is the recommended equation in obese women [42], as well as in individuals with
different ages, BMI, and ethnicities [2,6,8,32,42]. Our results also revealed an acceptable prediction
accuracy (44.4%, mean absolute differences: 176 ± 132 Kcal/day) of the Mifflin equation, but far
from being the best predictive equation in this group. As observed in obese men, the highest
accuracy equations in obese women were the Owen [14] and Bernstein equations [16] (66.7% and 55.6%
prediction accuracy, respectively, and mean absolute differences: 136 ± 156 and 162 ± 166 Kcal/day,
respectively). These results could be expected because the Owen equation usually underestimated the
REE measure in young adults without considering BMI [4], and the Bernstein equation was proposed
based on participants with the same characteristics as those in our study [16,21].
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4.7. Limitations
Our study has some limitations. (i) The participants were young healthy adults, and we do not
know if these results can be extended to older or unhealthy people. (ii) Our results for overweight
men, obese men, and obese women need confirmation because of the small number of women and
men in these groups; this fact could have influenced the results obtained, yet it is important to consider
that our sample was more homogeneous than other studies conducted in young adults as a result of
the strict inclusion criteria and the narrow age range [4]. (iii) The metabolic carts could overestimate or
underestimate the REE measure, yet the data collection process and analysis were strictly controlled
and standardised, which is certainly a strength.
5. Conclusions
In conclusion, this study shows that there is a wide variation in the accuracy of REE predictive
equations depending on sex and BMI index in young adults. Future studies are, however, needed
to confirm the results obtained for overweight men, obese men, and obese women because of the
relatively small sample size in our study. We provide a decision tree (Figure 4) to select an REE
equation depending on sex and BMI in the individuals, taking into account the percentage of accurate
prediction applying an accuracy of ±5% and ±5% of measured REE. We also provide an open access
Excel sheet that automatically estimates REE using 47 equations considering sex, age, weight, and
height, as well as individuals’ fat mass and/or fat free mass (if available) (see Supplementary file
S1) [44].
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/2/223/s1,
Table S1: Resting energy expenditure predictive equations, Table S2: Validity of resting energy expenditure (REE)
predictive equations in young adults, File S1: Excel sheet that automatically estimates the REE and the total energy
expenditure using 45 equations considering anthropometric and/or body composition parameters (if available).
Author Contributions: Conceptualization, F.J.A.-G. and J.R.R.; Data curation, F.J.A.-G., G.S.-D., and J.R.R.; Formal
analysis, F.J.A.-G., G.S.-D., and J.R.R.; Funding acquisition, J.R.R.; Investigation, F.J.A.-G., G.S.-D., J.M.A., B.M.-T.,
V.M.-H., E.M.-R., M.L., I.L., and J.R.R.; Methodology, F.J.A.-G., G.S.-D., J.M.A., B.M.-T., V.M.-H., E.M.-R., and
J.R.R.; Project administration, J.R.R.; Resources, J.R.R.; Supervision, M.L., I.L., and J.R.R.; Writing—original draft,
F.J.A.-G. and J.R.R.; Writing—review & editing, F.J.A.-G., G.S.-D., J.M.A., B.M.-T., V.M.-H., E.M.-R., M.L., I.L., and
J.R.R.
Funding: This study was supported by the Spanish Ministry of Economy and Competitiveness, Fondo de
Investigación Sanitaria del Instituto de Salud Carlos III (PI13/01393), Retos de la Sociedad (DEP2016-79512-R),
and Fondos Estructurales de la Unión Europea (FEDER); by the Spanish Ministry of Education (FPU 13/04365,
FPU14/04172, and FPU15/04059); by the Fundación Iberoamericana de Nutrición (FINUT); by the Redes temáticas
de investigación cooperativa RETIC (Red SAMID RD16/0022); by AstraZeneca HealthCare Foundation; by the
University of Granada, Plan Propio de Investigación 2016, Excellence actions: Units of Excellence; Unit of
Excellence on Exercise and Health (UCEES), and Plan Propio de Investigación 2018, Programa Contratos-Puente;
and by Wiemspro®(Malaga, Spain).
Acknowledgments: We are grateful to Carmen Sainz-Quinn for assistance with the English language. This study
is part of a Ph.D. Thesis conducted in the Biomedicine Doctoral Studies of the University of Granada, Spain.
Conflicts of Interest: The authors have no conflict of interest that are directly relevant to the content of this article.
References
1. Pinheiro Volp, A.C.; Esteves de Oliveira, F.C.; Duarte Moreira Alves, R.; Esteves, E.A.; Bressan, J. Energy
expenditure: Components and evaluation methods. Nutr. Hosp. 2011, 26, 430–440. [CrossRef] [PubMed]
2. Weijs, P.J.M. Validity of predictive equations for resting energy expenditure in US and Dutch overweight
and obese class I and II adults aged 18–65 y. Am. J. Clin. Nutr. 2008, 88, 959–970. [CrossRef] [PubMed]
3. De Luis, D.A.; Aller, R.; Izaola, O.; Romero, E. Prediction equation of resting energy expenditure in an adult
spanish population of obese adult population. Ann. Nutr. Metab. 2006, 50, 193–196. [CrossRef] [PubMed]
4. Willis, E.A.; Herrmann, S.D.; Ptomey, L.T.; Honas, J.J.; Bessmer, C.T.; Donnelly, J.E.; Washburn, R.A. Predicting
resting energy expenditure in young adults. Obes. Res. Clin. Pract. 2014, 8, 201–208. [CrossRef] [PubMed]
5. FAO/WHO/UNU. Energy and Protein Requirements; FAO: Geneva, Switzerland, 1985.
Nutrients 2019, 11, 223 11 of 13
6. Lazzer, S.; Agosti, F.; Silvestri, P.; Derumeaux-Burel, H.; Sartorio, A. Prediction of resting energy expenditure
in severely obese Italian women. J. Endocrinol. Investig. 2007, 30, 20–27. [CrossRef] [PubMed]
7. Lazzer, S.; Agosti, F.; Resnik, M.; Marazzi, N.; Mornati, D.; Sartorio, A. Prediction of resting energy
expenditure in severely obese Italian males. J. Endocrinol. Investig. 2007, 30, 754–761. [CrossRef] [PubMed]
8. Müller, M.J.; Bosy-Westphal, A.; Klaus, S.; Kreymann, G.; Lührmann, P.M.; Neuhäuser-Berthold, M.;
Noack, R.; Pirke, K.M.; Platte, P.; Selberg, O.; et al. World Health Organization equations have shortcomings
for predicting resting energy expenditure in persons from a modern, affluent population: Generation of a
new reference standard from a retrospective analysis of a German database of resting energy expe. Am. J.
Clin. Nutr. 2004, 80, 1379–1390. [CrossRef] [PubMed]
9. Schofield, W.N. Predicting basal metabolic rate, new standards and review of previous work. Hum. Nutr.
Clin. Nutr. 1985, 39 (Suppl. 1), 5–41. [PubMed]
10. Roza, A.M.; Shizgal, H.M. The Harris Benedict equation reevaluated: Resting energy requirements and the
body cell mass. Am. J. Clin. Nutr. 1984, 40, 168–182. [CrossRef]
11. de la Cruz Marcos, S.; de Mateo Silleras, B.; Camina Martín, M.A.; Carreño Enciso, L.; Miján de la Torre, A.;
Galgani Fuentes, J.E.; Redondo del Río, M.P. Proposal for a new formula for estimating resting energy
expenditure for healthy spanish population. Nutr. Hosp. 2015, 32, 2346–2352. [CrossRef] [PubMed]
12. Harris, J.; Benedict, F. A biometric study of basal metabolism in man. Proc. Natl. Acad. Sci. USA
1918, 4, 370–373. [CrossRef] [PubMed]
13. Livingston, E.H.; Kohlstadt, I. Simplified resting metabolic rate-predicting formulas for normal-sized and
obese individuals. Obes. Res. 2005, 13, 1255–1262. [CrossRef] [PubMed]
14. Owen, O.E.; Holup, J.L.; D’Alessio, D.A.; Craig, E.S.; Polansky, M.; Smalley, K.J.; Kavle, E.C.; Bushman, M.C.;
Owen, L.R.; Mozzoli, M.A. A reappraisal of the caloric requirements of men. Am. J. Clin. Nutr.
1987, 46, 875–885. [CrossRef] [PubMed]
15. Johnstone, A.M.; Rance, K.A.; Murison, S.D.; Duncan, J.S.; Speakman, J.R. Additional anthropometric
measures may improve the predictability of basal metabolic rate in adult subjects. Eur. J. Clin. Nutr.
2006, 60, 1437–1444. [CrossRef] [PubMed]
16. Bernstein, R.S.; Thornton, J.C.; Yang, M.U.; Wang, J.; Redmond, A.M.; Pierson, R.N.; Pi-Sunyer, F.X.; Van
Itallie, T.B. Prediction of the resting metabolic rate in obese patients. Am. J. Clin. Nutr. 1983, 37, 595–602.
[CrossRef]
17. De Lorenzo, A.; Tagliabue, A.; Andreoli, A.; Testolin, G.; Comelli, M.; Deurenberg, P. Measured and predicted
resting metabolic rate in Italian males and females, aged 18–59 y. Eur. J. Clin. Nutr. 2001, 55, 208–214.
[CrossRef]
18. Henry, C.J.K. Basal metabolic rate studies in humans: Measurement and development of new equations.
Public Health Nutr. 2005, 8, 1133–1152. [CrossRef]
19. Mifflin, M.D.; St Jeor, S.T.; Hill, L.A.; Scott, B.J.; Daugherty, S.A.; Koh, Y.O. A new predictive equation for
resting energy expenditure in healthy individuals. Am. J. Clin. Nutr. 1990, 51, 241–247. [CrossRef]
20. Korth, O.; Bosy-Westphal, A.; Zschoche, P.; Glüer, C.C.; Heller, M.; Müller, M.J. Influence of methods
used in body composition analysis on the prediction of resting energy expenditure. Eur. J. Clin. Nutr.
2007, 61, 582–589. [CrossRef]
21. Owen, O.E.; Kavle, E.; Owen, R.S.; Polansky, M.; Caprio, S.; Mozzoli, M.A.; Kendrick, Z.V.; Bushman, M.C.;
Boden, G. A reappraisal of caloric requirements in healthy women. Am. J. Clin. Nutr. 1986, 44, 1–19.
[CrossRef]
22. da Rocha, E.E.M.; Alves, V.G.F.; da Fonseca, R.B.V. Indirect calorimetry: Methodology, instruments and
clinical application. Curr. Opin. Clin. Nutr. Metab. Care 2006, 9, 247–256. [CrossRef] [PubMed]
23. Fullmer, S.; Benson-Davies, S.; Earthman, C.P.; Frankenfield, D.C.; Gradwell, E.; Lee, P.S.P.; Piemonte, T.;
Trabulsi, J. Evidence analysis library review of best practices for performing indirect calorimetry in healthy
and non-critically ill individuals. J. Acad. Nutr. Diet. 2015, 115, 1417–1446. [CrossRef] [PubMed]
24. Compher, C.; Frankenfield, D.; Keim, N.; Roth-Yousey, L.; Evidence Analysis Working Group. Best practice
methods to apply to measurement of resting metabolic rate in adults: A systematic review. J. Am. Diet. Assoc.
2006, 106, 881–903. [CrossRef] [PubMed]
25. Weijs, P.J.M.; Vansant, G.A.A.M. Validity of predictive equations for resting energy expenditure in Belgian
normal weight to morbid obese women. Clin. Nutr. 2010, 29, 347–351. [CrossRef] [PubMed]
Nutrients 2019, 11, 223 12 of 13
26. Lof, M.; Hannestad, U.; Forsum, E. Comparison of commonly used procedures, including the doubly-labelled
water technique, in the estimation of total energy expenditure of women with special reference to the
significance of body fatness. Br. J. Nutr. 2003, 90, 961. [CrossRef] [PubMed]
27. Sanchez-Delgado, G.; Martinez-Tellez, B.; Olza, J.; Aguilera, C.M.; Labayen, I.; Ortega, F.B.; Chillon, P.;
Fernandez-Reguera, C.; Alcantara, J.M.A.; Martinez-Avila, W.D.; et al. Activating brown adipose tissue
through exercise (ACTIBATE) in young adults: Rationale, design and methodology. Contemp. Clin. Trials
2015, 45, 416–425. [CrossRef]
28. World Health Organization. Obesity: Preventing and Managing the Global Epidemic; Executive Summary WHO
Technical Report Series; WHO: Geneva, Switzerland, 2010; Volume 1997, pp. 5–8.
29. Sanchez-Delgado, G.; Alcantara, J.M.A.; Ortiz-Alvarez, L.; Xu, H.; Martinez-Tellez, B.; Labayen, I.; Ruiz, J.R.
Reliability of resting metabolic rate measurements in young adults: Impact of methods for data analysis.
Clin. Nutr. 2018, 37, 1618–1624. [CrossRef]
30. Alcantara, J.M.A.; Sanchez-Delgado, G.; Martinez-Tellez, B.; Merchan-Ramirez, E.; Labayen, I.; Ruiz, J.R.
Congruent validity and inter-day reliability of two breath by breath metabolic carts to measure resting
metabolic rate in young adults. Nutr. Metab. Cardiovasc Dis. 2018, 28, 929–936. [CrossRef] [PubMed]
31. Weir, J. New methods for calculating metabolic rate with special reference to protein metabolism. J. Physiol.
1949, 109, 1–9. [CrossRef] [PubMed]
32. Frankenfield, D.; Roth-Yousey, L.; Compher, C. Comparison of predictive equations for resting metabolic
rate in healthy nonobese and obese adults: A systematic review. J. Am. Diet. Assoc. 2005, 105, 775–789.
[CrossRef] [PubMed]
33. Ruiz, J.R.; Ortega, F.B.; Rodríguez, G.; Alkorta, P.; Labayen, I. Validity of resting energy expenditure predictive
equations before and after an energy-restricted diet intervention in obese women. PLoS ONE 2011, 6, e23759.
[CrossRef] [PubMed]
34. Bland, J.M.; Altman, D.G. Statistical methods for assessing agreement between two methods of clinical
measurement. Lancet 1986, 1, 307–310. [CrossRef]
35. Frankenfield, D. Bias and accuracy of resting metabolic rate equations in non-obese and obese adults.
Clin. Nutr. 2013, 32, 976–982. [CrossRef] [PubMed]
36. Frankenfield, D.C.; Rowe, W.A.; Smith, J.S.; Cooney, R.N. Validation of several established equations for
resting metabolic rate in obese and nonobese people. J. Am. Diet. Assoc. 2003, 103, 1152–1159. [CrossRef]
37. Lee, S.H.; Kim, E.K. Accuracy of Predictive Equations for Resting Metabolic Rates and Daily Energy
Expenditures of Police Officials Doing Shift Work by Type of Work. Clin. Nutr. Res. 2012, 1, 66. [CrossRef]
[PubMed]
38. Ramirez-Zea, M. Validation of three predictive equations for basal metabolic rate in adults. Public Health
Nutr. 2005, 8, 1213–1228. [CrossRef] [PubMed]
39. Wahrlicha, V.; Anjos, L. Validation of predictive equations of basal metabolic rate of women living in
Southern Brazil. Rev. Saúde Pública 2001, 35, 39–45.
40. Song, T.; Venkataraman, K.; Gluckman, P.; Seng, C.Y.; Meng, K.C.; Khoo, E.Y.H.; Leow, M.K.S.; Seng, L.Y.;
Shyong, T.E. Validation of prediction equations for resting energy expenditure in Singaporean Chinese men.
Obes. Res. Clin. Pract. 2014, 8, 201–208. [CrossRef]
41. Cooper, J.A.; Watras, A.C.; O’Brien, M.J.; Luke, A.; Dobratz, J.R.; Earthman, C.P.; Schoeller, D.A. Assessing
validity and reliability of resting metabolic rate in six gas analysis systems. J. Am. Diet. Assoc.
2009, 109, 128–132. [CrossRef]
42. Vander Weg, M.W.; Watson, J.M.; Klesges, R.C.; Eck Clemens, L.H.; Slawson, D.L.; McClanahan, B.S.
Development and cross-validation of a prediction equation for estimating resting energy expenditure in
healthy African-American and European-American women. Eur. J. Clin. Nutr. 2004, 58, 474–480. [CrossRef]
Nutrients 2019, 11, 223 13 of 13
43. Dobratz, J.R.; Sibley, S.D.; Beckman, T.R.; Valentine, B.J.; Kellogg, T.A.; Ikramuddin, S.; Earthman, C.P.
Predicting energy expenditure in extremely obese women. J. Parenter. Enter. Nutr. 2007, 31, 217–227.
[CrossRef] [PubMed]
44. Amaro-Gahete, F.J.; Jurado-Fasoli, L.; De-la-O, A.; Gutierrez, A.; Castillo, M.; Ruiz, J.R. Accuracy and Validity
of Resting Energy Expenditure Predictive Equations in Middle-Aged Adults. Nutrients 2018, 10, 1635.
[CrossRef] [PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
